Hypothesis: Basal insulin resistance (IR) and inflammation exacerbate post-exercise oxidative stress (OS) in overweight adolescent girls. Design: Cross-sectional study, effect of incremental ergocycle exercise until exhaustion on OS markers. Participants: Normal-weight (control) (n ¼ 17, body mass index (BMI): 20-24.2 kg/m 2 ) and overweight adolescent girls (n ¼ 29, BMI: 24.1-36.6 kg/m 2 ). Measurements: Dietary measurement, physical activity assessment (validated questionnaires), fat distribution parameters (by dual-energy X-ray absorptiometry and anthropometry) and maximal oxygen consumption ( . VO 2peak ). Blood assays include the following: (1) at fasting state: blood cell count, lipid profile, and IR parameters (leptin/adiponectin ratio (L/A), homeostasis model assessment of IR, insulin/glucose ratio; (2) before exercise: inflammation and OS markers (interleukin-6 (IL-6), C-reactive protein (CRP), myeloperoxidase (MPO), reduced glutathione/oxidized glutathione ratio (GSH/GSSG), 15 F 2 a-isoprostanes (F 2 -Isop), lipid hydroperoxides (ROOH), oxidized low-density lipoprotein (ox-LDL)) and antioxidant status (superoxide dismutase (SOD), glutathione peroxidase (GPX), vitamin C, a-tocopherol and b-carotene); and (3) after exercise: inflammation and OS markers. Results: At rest, overweight girls had a deteriorated lipid profile and significantly higher values of IR parameters and inflammation markers, compared with the control girls. These alterations were associated with a moderate rest OS state (lower GSH/GSSG ratio, a-tocopherol/total cholesterol (TC) ratio and GPX activity). In absolute values, overweight girls exhibited higher peak power output and oxygen consumption ( . VO 2peak ), compared with the control girls. Exercise exacerbated OS only in the overweight group (significant increase in F 2 -Isop, ROOH and MPO). As hypothesized, basal IR and inflammation state were correlated with the post-exercise OS. However, the adjustment of F 2 -Isop, ROOH and MPO variation per exercise . VO 2 variation canceled the intergroup differences. Conclusion: In overweight adolescent girls, the main factors of OS, after incremental exhaustive exercise, are not the basal IR and inflammation states, but oxygen overconsumption.
Introduction
Obesity and overweight are among the most important health problems in the industrialized countries, and also an emerging problem in the developing countries such as Lebanon, where over 16.5% of adults and 5% of adolescents are obese.
The enlargement of adipose tissue induces an imbalance in the secretion of adipocytokines, leading to a chronic, lowgrade inflammatory state, 7 which accentuates IR, leading the adolescents into a vicious circle. Thus, the adolescent girls are exposed to a high risk of obesity, a chronic disease characterized by an IR, and a lowgrade inflammation level 8, 9 two factors well known to induce oxidative stress (OS). [9] [10] [11] In addition, other factors, such as hyperleptinemia, 12 hyperlipidemia 13 and weak antioxidant (AO) defenses, [14] [15] [16] [17] [18] could also contribute to OS in obese individuals. Currently, it is well admitted that exhaustive aerobic exercise induces OS in healthy adults. 19, 20 In addition, Vincent et al. 21 recently showed that obesity promotes susceptibility to OS during this type of exercise, in postmenopausal old women. They proposed several hypothesized mechanisms including increase in circulating lipids 13 and inflammation markers, 22 and decrease in AO availability. 16 These researchers 21 explained the post-exercise lipid peroxidation in post-menopausal women by a combination of different influent factors, such as excess of fat mass, age, exercise intensity and exercise duration. However, these results cannot be extrapolated to adolescent girls for several reasons, such as the difference in age, obesity history and estrogenic state.
As obesity development at adolescence is characterized by low-grade inflammation and IR that are known to induce OS at rest, we hypothesize that these parameters will also exacerbate OS, in response to incremental exhaustive exercise in overweight adolescent girls.
Materials and methods

Participants
The participants included in this study were recruited from several high schools in Lebanon. Written informed consent was obtained from the parents of each participant before the study and the survey was approved by the Ethical Committee on Human Research.
A total of 46 post-menarcheal adolescent girls (17 normalweight and 29 overweight or obese), aged between 14 and 19 years, participated in this study. Some inclusion criteria required for participation include (1) no regular physical activities; (2) no metabolic, cardiovascular or any other existing chronic health problems; (3) no regular drugs consumption; (4) no regular smoking; and (5) no AO supplementation in the past 6 months.
Study groups
After the determination of body mass index (BMI) values (BMI ¼ weight (kg)/(height (m)) 2 ), the participants were stratified into two groups: control (normal-weight) and overweight groups, on the basis of the criteria proposed by Cole et al. 23 Waist and hip circumferences were also measured and Dual energy X-ray absorption was used to assess the total body percentage of body fat (%BF) (QDR-4500WE; Hologic, software version 8.26, whole-body analysis).
Experimental protocol Testing procedure. Participants came to the laboratory in the morning, after an overnight fasting for 12 h. Following medical examination and anthropometric measurements (height, weight, and hip and waist circumference), participants took a standardized breakfast. One hour after breakfast, participants performed an incremental exhaustive exercise on an electrically braked cycle ergometer (Monark ergomedic 839E electronic test cycle, Varberg, Sweden), as described earlier. 24 Heart rate was continuously monitored by electrocardiogram (Schiller AT-102 ECG machine, Doral, FL, USA). Oxygen consumption was measured by a breath-by-breath gas monitoring system (medical graphics CPX/D, Saint Paul, MN, USA).
Questionnaires. After taking the standardized breakfast, participants answered the validated questionnaires related to physical activity. 25 These questionnaires were proposed in their original language, as all participants were Francophone. Participants were also assisted while answering the questionnaires. The score for physical activity was calculated as metabolic equivalent task expressed by hour week
À1
, based on the data of Ainsworth et al. 26 (score ¼ intensity Â duration Â frequency). A diet record for 1 week was provided to each participant. The only instructions specified to the participants, before recording their dietary intake, were to eat normally and not to consume any AO supplementation during the entire experimental period. Participants were asked to return their dietary record 1 week later, and the dietary quantification was controlled and validated by an expert interviewing every participant. Dietary assessment for caloric intake, AO and macronutrient was analyzed by the same technician, using Nutrilog 1.20b software.
Blood sampling
Time of collection and analyzed markers. Blood samples were collected from an antecubital vein in two different Vacutainer tubes (EDTA and dry) at fasting state, before and immediately after exercise.
At fasting state, the dry Vacutainer aided in the determination of lipid profile and metabolic parameters of IR (triglycerides (TG), total cholesterol (TC), high-density lipoprotein-cholesterol (HDL-C), apolipoprotein A and B (ApoA-1 and Apo-B), glucose, insulin, leptin, adiponectin), whereas the EDTA Vacutainer was used for complete blood count.
Before exercise, while sitting quietly on the bicycle, (1) the EDTA vacutainer was used to evaluate 15 F 2 a-isoprostanes Immediately after exercise, (1) the EDTA Vacutainer was used to evaluate F 2 -Isop, ROOH, ox-LDL and MPO in plasma, and GSH and GSSG in whole blood; whereas (2) the dry Vacutainer was used to evaluate IL-6 and CRP in serum.
Samples preparation. Before centrifugation, for GSSG measurement, 100 ml of whole blood was added to 10 ml of scavenger, provided in the GSSG's kit. For SOD activity, 500 ml of the whole blood was centrifuged (1500 g, 10 min, 4 1C) and plasma was removed. Then, the erythrocytes were washed four times with 3 ml of 0.9% NaCl. Thereafter, 2 ml of cold distilled water was added to the erythrocytes, mixed and left to stand at 4 1C for 15 min. The lysate was diluted with 0.01 mmol l À1 phosphate buffer of pH 7 for SOD activity determination.
For the rest of the assays, blood was immediately centrifuged either at 1500 g for 10 min (4 1C) to separate plasma, or at 3000 g for 20 min (4 1C) to separate serum (ORTO ALRESA mod.Digicen.R, Spain). For F 2 -Isop, butylated hydroxytoluene (0.05%) was added to the plasma to avoid oxidation. Aliquots were immediately frozen and stored at À80 1C (Angelantoni Industre SPA Biomedical division Polar 530v, Massa Martana, Italy) until analysis.
Biochemical analysis
A complete blood count was performed using an automated cell counter (Hemat 8 SEAC, Calenzano, Florence, Italy), while differential leukocyte count was performed by microscopic examination of May-Grünwald-Giemsa-stained blood smears.
Lipid fractions were measured by colorimetric enzymatic test from Bio Direct, La Villeneuve, France: TG by the GPO-PAP, RC 1260-02 kit; TC by the GHOD-PAP, RC 1227-30 kit; and HDL-C by the RC 1239-02 kit. The low-density lipoprotein-cholesterol (LDL-C) was calculated by the following equation: LDL-C ¼ TCÀHDL-CÀ(TG/5). The ApoA-1 and Apo-B were measured using Turbox, Orion Diagnostica, Espoo, Finland. Immunoassays were used to quantify the IRrelated factors, such as leptin (leptin Elisa EIA 2395-DRG Instruments GmbH, Marburg/Lahn, Germany) and adiponectin (Adiponectin Elisa KAPME09, Biosource, Europe SA, Nivelles, Belgium). The amount of glucose in serum was quantified using enzymatic test (GOD-PAP, RC 1236-02, Bio Direct) and the amount of insulin was determined using immunoenzymatic assay (INS-EASIA, KAP1251, BioSource Europe SA). The inflammation markers such as IL-6 were determined by IL-6 EASIA, KAC 1261, BioSource Europe SA, while CRP and MPO were determined by AD324CP, Audit Diagnostics, Cork, Ireland and calorimetric kit with an enzyme-linked immunosorbent assay (Elisa K 6631, Immundiagnostik, Frankfurt am Main, Germany), respectively.
For non-enzymatic AO quantification, a spectrophotometric method was used to quantify vitamin C (Perkin Elmer Lambda 40, Waltham, USA), 27 while an high-performance liquid chromatography procedure was used simultaneously (Alliance, Waters, Milford, MA, USA) coupled with a diode array detector (PDA 2996, Waters, Milford, MA, USA) for plasma a-tocopherol and b-carotene. 28 Enzymatic AO activities of SOD and GPX were determined by the Ransod and Ransel kits, respectively, from Randox, England. Concerning pro-oxidant, parameters, GSH/GSSG ratio was determined by the GSH/GSSG-412 kit (Bioxytech, Oxis international Inc., Portland, WA, USA). The analysis of ROOH as the markers of oxidative damage to lipids was performed with the commercial kit (Oxystat, Biomedica Gruppe, Divischgasse, Wien, Austria). The ox-LDL in the plasma samples was determined spectrophotometrically with a competitive enzymelinked immunosorbent assay (Elisa kit, Immunodiagnostik).
F 2 a-isoprostanes assay. The F 2 a-isoprostanes analysis consisted on isoprostanes extraction from plasma by thermolysis according to previous studies 29 and LC/MS analysis. However, for extraction some modifications were added to the previous studies. A volume of 990 ml of plasma, 10 ml of deuterated 8-isoprostanes as internal standard (80 ng ml ) and 1 ml of 15% KOH were added and the sample was incubated for 60 min at 40 1C. The alkali was neutralized (to pH 7.2-7.4) by the addition of 3.5 ml of 1 mol l À1 KH 2 PO 4 and 2 ml of 0.1 mol l
À1
of phosphate buffer (pH 7). Samples were loaded into the F 2 aisoprostanes affinity column (Cayman chemical company, Ann Arbor, MI, USA); which had been prepared according to the manufacturer's instructions. The column was washed with 2 Â 2 ml of 0.1 mol l À1 phosphate buffer (pH 7) and 2 Â 2 ml of ultrapure water. F 2 a-isoprostanes were eluted with 2 ml of 95% ethanol. The eluate was evaporated to dryness under vacuum in a SpeedVac (Sc110A-UVS400A Savant). The sample was redissolved in 130 ml of solution containing two solvents: solvent B representing 60% (H 2 O and 0.5% of NH 3 ) and solvent C representing 40% (55% acetonitrile, 45% methanol and 0.5% of NH 4 OH). An aliquot of 130 ml of the sample was injected into high-performance liquid chromatography system and analyzed it as described below. The equipment used for the LC/MS analysis was the Surveyor high-performance liquid chromatography system from Thermo Finnigan interfaced with an LCQ Deca mass spectrometer. The high-performance liquid chromatography system consisted of a quaternary pump with a graphit column (Thermo Hypercarb 100 Â 3 mm, 5 mm). The mass spectrometer was equipped with an ionic trap, an ESI prob and a turbomolecular pump (Thermo Finnigan). The sample was chromatographed with a gradient: (1) from startup till 3 min 50s: 60% of solvent B and 40% of solvent C, (2) from 3 min 50s till 22th min: 100% of solvent C, (3) from 22th
Post-exercise oxidative stress in overweight girls H Youssef et al min till 40th min 60% of solvent B and 40% of solvent C. The total time from injection to injection was 40 min. The column temperature was maintained at 30 1C. A flow diverter was used to divert the column eluate to waste from 0 to 15 min and from 25 to 40 min of the run.
The sample vas analyzed in SIM mode for the molecular ions of F 2 a-isoprostanes (m/z 353.2) and the deuterated internal standard (m/z 357.2). The concentration of F 2 aisoprostanes in the sample was calculated from the areas ratio of the peaks m/z 353.2 and m/z 357.2.
Statistics
Results were expressed in mean ± s.e.m., and the postexercise plasmatic values were corrected by taking into account the plasmatic volume variations. 30 Data were analyzed using Statistica 7.1 software. Normal distribution of data was tested by Kolmogorov-Smirnov tests. Descriptive variables were compared between the two groups using an unpaired student's t-test for parametric data and MannWhitney U-tests for non-parametric data. Repeated measurements were compared between the two groups using two-way analysis of variance (group and time) for the parametric data, and Wilcoxon matched pair tests for non-parametric data, separately in each group. Pearson's (parametric data) or Spearman's test (non-parametric data) was used to detect the correlations between the variables. Table 1 reports the characteristics of participants, 17 normalweight (control) and 29 overweight adolescent girls. Pertaining to anthropometric characteristics, weight, BMI, the amount of absolute and relative body fat, the fat-free mass and the waistto-hip ratio were significantly higher in the overweight group. Among serum lipids, only HDL-C was significantly lower in the overweight group, whereas no differences were noted for TG, TC, LDL-C, ApoA-1 and Apo-B.
Results
Participants characteristics
Dietary and physical activity assessment Dietary intake details are shown in Table 2 . The daily caloric intake was significantly higher in the overweight group (Po0.05). With respect to the average of macronutrient intake, only dietary carbohydrate was statistically higher in overweight group (Po0.05). For AO intake, no differences were found between the two groups. Physical activity estimation expressed by metabolic equivalent tasks (kcal kg À1 week
À1
) was significantly lower in overweight girls, compared with the control girls (7.98 ± 1.03 vs 17.75 ± 4.99) (Po0.05).
Resting IR and inflammation markers
The IR and inflammation markers are listed in Table 3 . According to the criteria defined by the International Diabetes Federation, in children and adolescents, 31 only 2 of our 46 participants presented a metabolic syndrome. With respect to the metabolic parameters associated with IR, leptin and insulin, concentrations were significantly higher in the overweight group, whereas adiponectin concentration was significantly lower. Consequently, L/A, insulin/glucose ratio and homeostasis model assessment of IR were also higher in this group.
Insulin resistance was related to body composition. For example, L/A, homeostasis model assessment of IR and Taking the inflammation markers into account, only the circulating granulocytes and CRP were higher in overweight girls. The other inflammation markers (IL-6 and MPO) were not different between the two groups.
Resting pro-oxidant and antioxidant markers
The comparison of the pro-oxidant and AO markers between the control and overweight groups are shown in Table 3 . The overweight adolescents presented a moderate OS, as only the GSH/GSSG ratio, a-tocopherol/TC ratio and erythrocyte-GPX activity were significantly lower in this group. Otherwise, no intergroup differences were observed for other parameters (F 2 -Isop, ROOH, ox-LDL, vitamin C and b-carotene levels, and SOD activity).
Moreover, blood AO status was negatively correlated with the body composition and energy intake. The a-tocopherol was correlated with the fat mass percentage (r ¼ À0.45; Po0.05), whereas the a-tocopherol/TC ratio was correlated with the waist circumference, total energy and carbohydrates intake (r ¼ À0.40, À0.50 and À0.47, respectively; Po0.05). The GPX activity was also negatively correlated with the BMI (r ¼ À0.37; Po0.05).
Pro-oxidant markers were correlated with the body composition and lipid availability. The GSSG was correlated with waist circumference (r ¼ 0.42; Po0.05) and ox-LDL was correlated with the circulating TC, LDL and Apo-B (r ¼ 0.63, 0.54 and 0.53, respectively; Po0.05). In the overweight group, additional correlations appeared between the F 2 -Isop and the fat mass (r ¼ 0.56; Po0.05).
Some other correlations were also found between the prooxidant and AO markers and the IR parameters in both the groups: SOD, GSSG were correlated with L/A (r ¼ À0.40 and 0.66, respectively; Po0.05). In the overweight group, additional correlations appeared between the ox-LDL and adiponectin (r ¼ À0.43; Po0.05).
Exercise responses
The data about the exercise responses are presented in Table 1 . When expressed as relative values to body weight (BW), the overweight group showed a considerably lower . VO 2peak , and output power (À16.8 and À25%, respectively) compared with the control girls. Moreover, . VO 2peak (ml kg À1 min
À1
) declined as the BMI (r ¼ À0.71; Po0.05) and percentage of fat mass increased (r ¼ À0.87; Po0.05). However, when expressed in absolute values, overweight girls exhibited higher peak power output and oxygen consumption, compared with the control girls. For the same workload (W), oxygen consumption (l min
) was higher in overweight girls, reflecting a higher energetic cost in this group.
Post-exercise OS and inflammation markers
Lipid peroxidation, and inflammation markers, before and after exercise are shown in Table 4 and Figure 1 . No significant changes for IL-6, CRP, GSH/GSSH and ox-LDL were observed in both groups after exercise. Only the overweight group showed a significant post-exercise increase in F 2 -Isop (Figure 1a) , ROOH ( Figure 1b) and MPO (Figure 1c) . However, the differences between the two (Figure 2) ).
Correlations between resting parameters (IR, inflammation and AO) and post-exercise OS markers Some significant correlations were established between the resting IR and inflammation markers and the post-exercise OS markers. Accordingly, the resting L/A was correlated with the postexercise GSSG (r ¼ 0.52, Po0.05), and waist-to-hip ratio with post-exercise F 2 -Isop (r ¼ 0.46, Po0.05). In the overweight group, there were some additional correlations between the resting L/A and adiponectin and the post-exercise ox-LDL (r ¼ 0.38 and À0.68, respectively; Po0.05).
With respect to the inflammation markers, the resting IL-6 correlated with the post-exercise ROOH (r ¼ 0.45, Po0.05), whereas the resting CRP was correlated with the postexercise F 2 -Isop and MPO (r ¼ 0.59 and 0.42, Po0.05).
Resting AO status also influenced the post-exercise OS markers. The resting SOD was indeed correlated with the post-exercise GSSG (r ¼ À0.68, Po0.05), whereas the resting GPX was correlated with the post-exercise GSH/GSSG (r ¼ 0.46, Po0.05) and the resting a-tocopherol/TC ratio was correlated with the post-exercise ox-LDL (r ¼ -0.43, Po0.05).
Discussion
This study hypothesizes on whether the basal IR and inflammation exacerbate OS, after incremental exhaustive exercise in overweight adolescent girls. As expected, the Post-exercise oxidative stress in overweight girls H Youssef et al overweight adolescent girls exhibited higher post-exercise OS markers (F 2 -Isop, ROOH and MPO), compared with the control adolescent girls. However, when F 2 -Isop, ROOH and MPO variations are expressed per change in the oxygen consumption during exercise, the differences between the two groups disappeared. Thus, the main responsible factor is the overconsumption of oxygen, which limited the contribution of basal IR and inflammation state to the exerciseinduced OS in the overweight group.
Overweight induces OS at rest
Overweight adolescent girls presented a moderate OS state, as only the GSH/GSSG ratio, a-tocopherol/TC ratio and erythrocyte-GPX activity were significantly lower in this group. As previously established by Suzuki et al., 32 no lipid peroxidation was found in overweight participants at rest. This result could be justified by the depletion of the AOs (GSH and a-tocopherol), which is well known to be involved in lipid peroxidation removal. 33 The low activity in erythrocyte-GPX is not paradoxical. Indeed, it is well admitted that the AO enzyme activity is stimulated in response to an OS state, as in the early days of the development of obesity. In a rat model, Vincent et al. 34 and Dobrian et al. 35 found a significant increase in the AO enzyme activities (GPX, SOD) after 7-10 weeks of diet-induced obesity. Inversely, if obesity persisted for a long time in rats (7 months) 36 or in humans, 17 a depletion in those AO enzyme sources occurred, leading to a low level of activity. Supporting the earlier studies on human models, 17 we found that the GPX activity was lower in overweight group and was negatively correlated with the BMI (r ¼ À0. 37 sity an important target for OS. In our study, the overweight group exhibited significantly higher percentage of fat mass, dietary intake, IR markers, and several other correlations were found between those parameters and OS markers. With respect to the inflammation markers, only circulating granulocytes and CRP were higher in the overweight girls. The IL-6 level was not significantly different between the two groups (P ¼ 0.08). However, the overweight girls had fourfold higher IL-6 values than the control participants, which contributed to the significant increase in CRP production by the liver. 42 Furthermore, the MPO, which is a marker for neutrophil infiltration in damaged tissues, was not higher in overweight girls. This result suggests the absence of resting damage and may also explain the absence of difference in lipid peroxidation between the two groups.
Overweight exacerbates exercise-induced OS and inflammation
In our study, the maximal exercise induced a significant increase in F 2 -Isop, ROOH and MPO only in overweight adolescent girls. According to the literature, several factors might be incriminated to explain the higher susceptibility of this group to exercise-induced OS, such as increased lipid substrate, insufficient AO, IR and inflammation state, and finally, oxygen overconsumption. Even if it is known that maximal fat oxidation in obese volunteers occurs at a lower exercise intensity, 43, 44 which could play a protective role against lipid peroxidation, obese participants have higher circulating lipids. This plasma lipid substrates are known to be the main target of lipid peroxidation in obese participants, where lipid peroxidation is faster in this population, compared with the lean participants. 13 By analyzing three lipid peroxidation markers including the F 2 -Isop, which is considered as the most reliable lipid peroxidation marker, 45 this study showed for the first time that exercise induces higher lipid peroxidation in overweight adolescent participants compared with the control participants. With respect to the AO availability, many studies showed a deficit of circulating AOs in obese adults 46, 47 and children. 15, 16, 48 Several authors hypothesized that this lack in AO could exacerbate post-exercise OS, as AO supplementation decreases the post-exercise OS in young overweight adults. 49 Furthermore, our study supports this hypothesis, as the resting AO status was lower in overweight group and was correlated with the post-exercise OS (resting SOD and postexercise GSSG; resting GPX and post-exercise GSH/GSSG). The responsibility of IR and inflammation has been examined in previous studies, but was never evaluated. 11 As adolescence, especially in overweight girls, represents a sensitive period for the development of IR and low-grade inflammation, we hypothesized that those factors could exacerbate post-exercise OS. As expected, significant relationships were established between the basal IR and inflammation markers and the post-exercise OS markers between the L/A ratio and GSSG, IL-6 and ROOH, CRP and MPO, CRP and F 2 -Isop, respectively. Thus, this study indicates that the basal IR and inflammation state contribute to the higher susceptibility of overweight adolescent girls to exercise-induced OS. However, when adjusting the change in F 2 -Isop (DF 2 -Isop), ROOH (DROOH) and MPO (DMPO) by exercise, change in . VO 2 (D . VO 2 ) the differences between the two groups disappeared. This result makes us conclude that the exercise-induced oxygen overconsumption is the major contributor to exercise-induced OS in overweight adolescent girls.
It is well known that the increase in oxygen consumption is the main factor in exercise-induced OS. This increase in oxygen uptake is more pronounced in overweight participants. 21, 50, 51 For comparative exercise duration and for the same output power, overweight girls consumed more oxygen and consequently had higher energetic cost ( . VO 2 =Power). The higher energetic cost in obese participants is often explained by the excessive weight and the additive mechanical work required to swing legs that have a greater mass and moment of inertia. 52 Indeed, only in overweight 21 in older women, where the adjustment of ROOH variation by D . VO 2 exaggerated the difference between the obese and non-obese old women. They suggested that other factors as age and obesity simultaneously contribute to exacerbate the exercise-induced OS in older women.
In conclusion, exercise exacerbates OS only in the overweight group. The main responsible factor is the oxygen overconsumption, which limited the contribution of the basal IR and inflammation states.
